Objective: Tyrosine kinase inhibitors (TKIs) are used to treat patients with advanced thyroid cancers. We retrospectively investigated the efficacy of TKIs administered outside of clinical trials in metastatic sites or locally advanced thyroid cancer patients from five French oncology centers. Design and methods: There were 62 patients (37 men, mean age: 61 years) treated with sorafenib (62%), sunitinib (22%), and vandetanib (16%) outside of clinical trials; 22 had papillary, five had follicular, five had Hü rthle cell, 13 had poorly differentiated, and 17 had medullary thyroid carcinoma (MTC). Thirty-three, 25, and four patients were treated with one, two, and three lines of TKIs respectively. Primary endpoints were objective tumor response rate and progression-free survival (PFS). Sequential treatments and tumor response according to metastatic sites were secondary endpoints. Results: Among the 39 sorafenib and 12 sunitinib treatments in differentiated thyroid carcinoma (DTC) patients, partial response (PR) rate was 15 and 8% respectively. In the 11 MTC patients treated with vandetanib, 36% had PR. Median PFS was similar in second-line compared with first-line sorafenib or sunitinib therapy (6.7 vs 7.0 months) in DTC patients, but there was no PR with second-and third-line treatments. Bone and pleural lesions were the most refractory sites to treatment. Conclusions: This is the largest retrospective study evaluating TKI therapies outside of clinical trials. DTC patients treated with second-line therapy had stable disease as best response, but had a similar median PFS compared with the first-line treatment.
Introduction
Approximately 5-10% of patients with differentiated thyroid cancer (DTC) eventually develop metastatic disease, of whom two-thirds present with iodine refractory disease (1). Medullary thyroid carcinomas (MTCs) account for 5-8% of all thyroid cancers, and distant metastases that are present at diagnosis in 7-23% of patients represent the main cause of cancer-related death (2) . These patients often suffer from a progressive course despite local treatment modalities such as radiofrequency ablation or external beam radiation therapy, and cytotoxic chemotherapies have shown disappointing results.
In recent years, several trials have demonstrated the efficacy of tyrosine kinase inhibitors (TKIs) in the treatment of metastatic or locally advanced thyroid carcinomas (3) . In phase II clinical trials, a partial response (PR) rate of about 20% was seen in DTC patients treated with sorafenib (4, 5) or with sunitinib (6, 7) . In a phase III trial, sorafenib significantly improved the median progression-free survival (PFS) from 5.8 months in the placebo group to 10.8 months (hazard ratio (HR)Z0.587, P!0.0001) (8) . Vandetanib also produced a significant prolongation of PFS in DTC patients (HRZ0.63, PZ0.008) (9) . Sorafenib was approved for the treatment of refractory advanced DTC by the US Food and Drug Administration (FDA) in November 2013, but to date no TKI is approved by the European Medicine Agency (EMA) for DTC treatment.
Clinical benefit was also seen in MTC patients treated with sorafenib and sunitinib in phase II studies (6, 7, 10) , and a phase III study showed that vandetanib prolonged median PFS from 19.3 months to more than 30.5 months (HRZ0.46, P!0.001) with a PR rate of 45% (11) . This study led to approval of vandetanib for the treatment of advanced MTC by the FDA in April 2011 and by the EMA in February 2012. In a phase III trial, cabozantinib improved PFS from 4 to 11 months and PR was observed in 28% of cases (12) . Subsequently, the FDA approved cabozantinib for the treatment of advanced MTC in November 2012.
In the absence of labeled drug, inclusion in a clinical trial should always be privileged for patients with refractory and progressive thyroid carcinoma. Unfortunately, in clinical practice, a substantial proportion of patients cannot be included in any trial for various reasons, such as the unavailability of a protocol or the presence of exclusion criteria, and this led to the off-label use of TKIs in referral French centers, part of the Tumeurs Réfractaires de la Thyroïde (TUTHYREF) network.
Targeted therapies are increasingly prescribed in patients with advanced or metastatic thyroid carcinoma, and only little is known about their efficacy according to organ-specific metastatic sites and in sequential treatment, as second-and third-line TKI therapy. This is indeed a major issue, because all TKIs used in these patients belong to the same family of anti-angiogenic drugs. We hereby report the efficacy of sorafenib, sunitinib, and vandetanib administered outside of clinical trials and we evaluated tumor response rate according to metastatic sites and sequential treatments in advanced thyroid cancer patients from five referral centers of the French TUTHYREF network.
Subjects and methods

Patients
All patients with metastatic or locally advanced DTC or advanced MTC who were treated with a TKI outside a clinical trial in one of the five TUTHYREF participating centers were retrospectively reviewed: these adult patients had at least one measurable lesion and had a baseline and at least one follow-up imaging study during TKI treatment in order to assess morphological tumor response. All patients provided informed consent and the study was approved by research ethics boards of the participating centers.
Study endpoints
The primary endpoints were tumor response rate and PFS in patients treated with TKIs administered outside of clinical trials. Secondary endpoints were tumor response rate and PFS with sequential TKI treatments (as secondand third-line therapies), and tumor response rate according to organ-specific metastatic sites. Only treatments given outside of clinical trials were analyzed for this study, but TKI treatments administered in the frame of clinical trials were considered while evaluating sequential TKI treatments, counting as first-line treatment. Doselimiting toxicities (DLTs), defined as requiring dose reduction or treatment withdrawal, were colligated and graded according to the US National Cancer Institute Common Terminology Criteria for Adverse Events V4.0.
Morphological assessment
Computed tomography (CT) scans were used to determine tumor responses during treatment with TKI, according to the Response Evaluation Criteria in Solid Tumors (RECIST) V1.1 (13) . Target lesions (TLs) were defined as soft tissue metastatic lesions that could be measured in at least one dimension, with the longest diameter of at least 1 cm for most sites and 1.5 cm for lymph nodes. The soft tissue component of a bone lesion with a longest diameter of more than 1 cm could be considered as a TL and previously irradiated bone metastases were not considered as TLs. Other lesions that were less than these dimensions or that were not measurable were considered as non-TLs.
All CT scans were reviewed by an independent radiologist (M Claude-Desroches) who was not aware of the outcome of any treatment. Tumor response was defined as progressive disease (PD) if there was R20% increase in the sum of the diameters of TLs or appearance of new metastatic lesions, as stable disease (SD) if there was a change between C19 and K29% and PR was defined by a decrease of R30% in the sum of the diameters of TLs.
Statistical analysis
Quantitative data were expressed as means; qualitative data were expressed in percentages. Best tumor response was represented using a waterfall plot. PFS was defined as the time between TKI treatment initiation and the first subsequent event (progression or death from any cause). Patients who were alive and progression-free were censored at the date of their last follow-up visit. PFS was estimated using the Kaplan-Meier curve. Analyses were performed using SAS Statistical Software V9.1 (SAS Institute, Inc., Cary, NC, USA).
Results
Clinical characteristics
From November 2008 to December 2011, 62 patients (37 men (60%), mean age: 61 years) with advanced thyroid cancer were treated with TKI outside of clinical trials and had available follow-up CT scan. All patients had distant metastases at baseline except one patient who had an unresectable locally advanced disease. Thyroid cancer histology was papillary in 22 patients (35%), follicular (FTC) in five (8%), oncocytic in five (5%), poorly differentiated in 13 (21%), and medullary in 17 (27%). Referee pathologists of each TUTHYREF network region systematically reviewed all thyroid tumor histological slides. Among the 45 DTC patients, 41 had radioactive iodine (RAI) refractory tumors, defined by the absence of RAI uptake in one or more metastatic lesion(s), a disease progression within 16 months after a RAI treatment, or a persistent disease after a cumulative RAI dose of R600 mCi. Among the four DTC patients who were not treated with RAI, three had advanced poorly DTC, and one had a FTC with locally advanced and unresectable disease.
Thirty-three (53%), 25 (40%), and four (6%) patients were treated with one, two, and three lines of TKIs respectively. Twenty-six patients had received previous TKI treatments in the frame of clinical trials (Supplementary Fig. 1 , see section on supplementary data given at the end of this article and Supplementary Table 1), but only treatments given outside of clinical trials were analyzed for this study, totalizing 69 TKI treatments. Baseline clinical characteristics of patients and treatments administered are detailed in Tables 1 and 2 .
According to RECIST, 51 (82%) patients had a PD over 12 months before treatment initiation, six (10%) had PD over 14 months, and five (8%) patients without demonstrated PD were treated with a TKI for large tumor burden or symptomatic disease.
Therapy
Among the 69 treatments administered outside of clinical trials, sorafenib was prescribed at a starting dose of 400 mg twice a day in 39 patients and once a day in the other four patients. Sunitinib was prescribed at a starting dose of 37.5 mg daily on a continuous basis for seven patients, for 3 weeks followed by 1 week off drug for seven patients, and for 4 weeks followed by 2 weeks off for one patient.
Vandetanib was prescribed outside a clinical trial with nominative temporary treatment authorization at a starting dose of 300 mg once a day in 11 MTC patients.
Reasons for therapy outside of a clinical trial
Patients were treated outside a clinical trial for one or several reasons: 26 patients had previously been treated with a TKI in a clinical trial, and this was an exclusion criterion for some further available therapeutic trials, two patients refused inclusion in a trial, and 12 had contra-indications for trial inclusion (previous cytotoxic chemotherapy, medical condition, absence of objective disease progression on CT scan, unavailability of a pre-treatment CT scan, and no previous RAI treatment). There was no protocol available at the time of treatment for 29 patients, one patient was not eligible for a rapidly progressing disease, in whom the possibility of receiving a placebo was considered medically unacceptable, and one patient was treated off-trial in another center and was then referred to one participating center.
Morphological assessment
The 340 CT scans for the assessment of treatment efficacy were done every 3 months, except for 13 CT scans that were done at an interval of 5-7 months. Waterfall plots for best tumor response are shown on Fig. 1 . Among the 39 DTC patients treated with sorafenib (median treatment duration: 7 months (3-28 months)), the PR rate was 15%, SD for R6 months: 38%, and median PFS: 7.2 months. Among the 12 DTC patients treated with sunitinib (median treatment duration: 6 months (3-20 months)), PR rate was 8%, SD for R6 months: 33%, and median PFS: 6.5 months. Of the 11 MTC patients treated with vandetanib (median treatment duration: 7 months (4-14 months)), PR rate was 36%, SD for R6 months: 27%, and median PFS was not reached.
Best mean tumor response rates according to metastatic sites are detailed in Table 3 . In DTC patients, lung metastases were the most responsive lesions to treatment and bone and pleural lesions were the most refractory lesions. In MTC patients, liver and lymph node metastases were the most responsive lesions and bone lesions were the most refractory lesions to treatment. There was no pleural lesion and only a few lung (nZ2) and bone (nZ2) metastases analyzed in these patients.
In first-line sorafenib or sunitinib therapy in 24 DTC patients, PR rate was 29%, but with second-line (nZ24) and third-line (nZ3) treatments there was no PR (PZ0.02). However, median PFS was similar in the second-line compared with the first-line treatment (6.7 vs 7.0 months, HRZ0.96 (95% CI 0.53-1.74), PZ0.90; Table 4 ). We could not evaluate vandetanib efficacy in sequential treatment because only two patients received it as a second-line therapy.
Toxicities and complications
Among the 39 DTC patients treated with sorafenib, 26 experienced DLTs (46 events: 34 dose reductions, six temporary, and six definitive withdrawals). The most frequent were hand-foot syndrome (28%), weight loss (26%), diarrhea (23%), fatigue (10%), and stomatitis (10%) (grades 2 and 3). Of the 12 DTC patients treated with sunitinib, six had DLTs (ten events: seven dose reductions and three temporary withdrawals), the most frequent being fatigue (25%), diarrhea (17%) and anorexia (17%) (grades 2 and 3). One grade 4 proteinuria with nephrotic syndrome occurred during sunitinib treatment at a 37.5 mg/day, 3/4 weeks, but kidney function recovered after drug withdrawal, and sunitinib could be reintroduced 1 month later at a lower dosage (25 mg/day, 3/4 weeks). Among the 11 MTC patients treated with vandetanib, seven had DLTs (11 events: eight dose reductions and three temporary withdrawals), the most Among the six patients who were not eligible for a clinical trial because of a medical condition (left bundle branch block on electrocardiogram, Gilbert's syndrome, epilepsy, concomitant renal cell carcinoma, and anticoagulation for two patients), no complication linked to any of these conditions occurred.
Discussion
The main goal of this study was to evaluate sorafenib, sunitinib, and vandetanib treatments in a 'real life' clinical setting, outside of clinical trials, in patients with metastatic or locally advanced thyroid carcinomas. Indeed, in clinical practice, a substantial proportion of patients cannot be included in any trial for various reasons; nonetheless, these patients need a treatment, because their disease will cause significant symptoms and even death. As secondary endpoints, we analyzed tumor response according to metastatic sites and sequential TKI treatments.
All CT scans were reviewed by an independent radiologist who was not aware of the outcome of any treatment. Thirteen CT scans out of 340 were done at an interval of O3 months and this is related to the retrospective and non-trial nature of our study. Among these 13 CT scans, only three were the last patients' scans analyzed for tumor response, done at a 5-month interval, and supplemental analyses confirmed that there was no impact on study results, as they represent a very small proportion of the total of analyzed scans and patients.
DTC patients treated with sorafenib or sunitinib had shorter median PFS than those of previous publications respectively 7.2 vs 10.8-19.8 months (4, 5, 8, 14) and 6.5 vs 12.8-19 months (6, 14) . These differences may be related to the great heterogeneity of patients among trials. In our study, the only exclusion criterion was the unavailability of CT scans to assess tumor response, and patients could have received prior therapy, including a TKI. The vast majority of our patients were progressive before treatment, according to RECIST, and the few who were not progressive had symptoms and a large tumor burden. Furthermore, we included all subtypes of DTCs, in particular poorly differentiated carcinomas, which are known to be aggressive tumors, representing 21% of our cohort. So our patients differ from those previously studied and represent more precisely the population TKI, tyrosine kinase inhibitor.
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whose physicians have to manage while prescribing TKIs outside of clinical trials. Adverse events were similar to those previously reported with sunitinib and sorafenib. One grade 4 proteinuria with nephrotic syndrome and kidney failure occurred with sunitinib, which recovered following drug withdrawal. Nephrotic syndrome and severe kidney dysfunction, related to anti-vascular endothelial growth factor receptor, are rare with sunitinib (15) .
Even if median PFS was not reached and that median treatment duration was relatively short in MTC patients treated with vandetanib, a considerable PR rate was observed, comparable to that observed in a previous study (11) . This result reinforces vandetanib treatment efficacy in MTC patients. The most common adverse event was the QTc interval prolongation which normalized after temporary withdrawal, no related cardiac complication was observed, and vandetanib treatment could be safely resumed at lower doses.
No related complication occurred in patients excluded from clinical trials for medical conditions, such as anticoagulation or significant anomaly on electrocardiogram. In our opinion, this is an important finding that retrospectively justifies TKI treatment outside of clinical trials, because these patients, who would not have been treated otherwise because of their exclusion criteria, had a clear indication for treatment and could safely benefit from the therapy. Of course, risks and benefits need to be carefully weighed in these patients and the decision to initiate a TKI treatment should always be taken by a tumor board of experienced physicians.
Evaluation of TKIs' efficacy in sequential treatment showed that DTC patients treated with second-line therapy (sorafenib or sunitinib) had SD as best response without any PR, but had a similar median PFS compared with first-line treatment, supporting a clinical benefit for second-line TKI therapy. Similarly, in renal cell cancer, the efficacy of second-line sunitinib treatment was close to that of first-line therapy, suggesting limited crossresistance (16) , and comparable PR rates were shown with cabozantinib and lenvatinib in both DTCs and MTCs in first-and second-line treatment (12, 17, 18, 19) . This analysis was limited by the small number of DTC patients treated with sunitinib: four patients in first-line treatment and five patients in second-line treatment. Therefore, we cannot recommend any specific treatment sequence (sorafenib and then sunitinib, or sunitinib and then sorafenib) and a further prospective study should be conducted to better evaluate this issue. However, 20 DTC patients were treated with sorafenib in first-line therapy and 19 in second-line treatment, and our results suggest that sorafenib is still active in second-line therapy. Finally, because of the small number of patients in second-line treatment, we could not identify predictive factors of prolonged PFS in second-line setting.
Bone metastases from thyroid carcinoma, which are known to be poorly responsive to radioiodine therapy, also seem to be more frequently refractory to TKI treatments (14, 20) . One French retrospective study showed that 35% of thyroid cancer patients with response in soft tissue lesions had bone progression on TKI treatment (21) . Furthermore, in a study with DTC patients treated with sorafenib or sunitinib, all pleural and bone metastases were progressive, while a median tumor response of K22% was observed in lung metastases (14) . These results are consistent with our findings and imply that loco-regional treatment modalities should be considered for progressive or symptomatic bone lesions prior or even during a TKI treatment, which may allow to maintain the treatment in patients with responses in soft tissue lesions.
Conclusion
This is the largest study evaluating sunitinib, sorafenib, and vandetanib therapies outside of clinical trials and the first to evaluate sequential treatments in DTCs. Nevertheless, it is important to emphasize that patients with advanced thyroid carcinoma should always be enrolled, whenever possible, in clinical trials. Only exclusion criteria or unavailability of any protocol may lead to TKI prescription outside of clinical trials in referral centers, as they will help to control patients' disease, even in second-line treatment. Indeed, DTC patients treated with second-line TKI therapy had SD as best response without PR, but had a similar median PFS compared with first-line treatment.
Bone and pleural metastases were the most refractory to treatment. The physiopathology of this variable tissue response remains unknown (20, 22) and therapeutic strategies need to be set up to overcome this significant limitation to treatment.
Finally, our study's limitations are the small number of patients and its retrospective nature. Larger prospective trials could answer many important questions, such as recommending a specific sequence in TKI therapy and identifying predictive factors of prolonged PFS in secondline treatment.
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